The light curves of Gamma-Ray Bursts (GRBs) are believed to result from internal shocks reflecting the activity of the GRB central engine. Their temporal deconvolution can reveal potential differences in the properties of the central engines in the two populations of GRBs which are believed to originate from the deaths of massive stars (long) and from mergers of compact objects (short). We present here the results of the temporal analysis of 42 GRBs detected with the Gamma-ray Burst Monitor onboard the Fermi Gamma-ray Space Telescope. We deconvolved the profiles into pulses, which we fit with lognormal functions. The distributions of the pulse shape parameters and intervals between neighboring pulses are distinct for both burst types and also fit with lognormal functions.
Introduction

14
The temporal structure of GRB light curves exhibits very diverse morphologies, from 15 single pulses to extremely complex multi-pulse structures. As a result, morphological 
30
Two distinct mechanisms have been proposed to explain the origin of pulses in GRBs.
31
In the external shock model, radiation pulses are emitted when a relativistic shell ejected 32 by the GRB central engine is decelerated by the circum-burst material (Mészáros and Rees, 33 1993). A homogeneous medium leads to a single pulse but an irregular, clumpy 34 environment can produce a complex profile if a large number of small clouds are present 35 (Dermer and Mitman, 1999) . According to the internal shock model (Rees and Mészáros, 36 1994), the central engine generates relativistic shells with highly non-uniform distribution whether GRB sources require engines that are long lasting or impulsive (Dermer, 2004) .
42
Investigations linking GRB properties with their pulse characteristics have already been Norris et al., (1996) were the first to deconvolve the profiles of long and bright GRBs algorithm on a set of BATSE short bright bursts and derived their pulse shape parameters; 51 they concluded that the pulse rise and decay times follow lognormal distributions. However,
52
the BATSE GRB light curves used in these studies had a time resolution of 64 ms for long 53 bursts, which could have masked narrower pulses in those bursts. However the short burst 54 studies have been carried out using higher resolution data.
55
A long standing question has been, therefore, whether the representative time scales 56 associated with pulses of long GRBs form a separate class from those in short bursts 57 perhaps reflecting the two different prevalent models for their origin, i.e., long bursts shapes, we could potentially identify the differences in the central engines of long and short
62
GRBs. In this paper, we show that there is a fairly high degree of determinism underlying
63
-5 -the complex nature of the GRB temporal profiles. In § 2 we describe the instrument and 64 the selection criteria for our sample, and in § 3 we expand on our analysis technique. In § 4 65 we decompose the high-time resolution GRB data of the Gamma-ray Burst Monitor (GBM) 66 onboard the Fermi Gamma-ray Space Telescope (hereafter Fermi) into individual pulses 67 and examine the distributions of the pulse shape parameters for long and short duration 68 GRBs. Further we apply the same analysis technique to GRB light curves in various energy 69 bands and study the pulse shape evolution with energy. We discuss our results in § 5. 
Instrumentation and Data Selection
71
GBM is an uncollimated all-sky (field of view ≥ 8 sr) monitoring instrument. It
72
consists of an array of 12 NaI(Tl) scintillation detectors mounted in clusters of three around 73 the spacecraft. Each NaI(Tl) detector is 12.7 cm in diameter by 1.27 cm thick, and covers 74 an energy range from 8 keV to 1 MeV. In addition, GBM includes two Bismuth Germanate
75
(BGO) detectors, each 12.7 cm in diameter by 12.7 cm thick, placed on either side of Fermi.
76
The BGOs cover energies above 150 keV up to a maximum of 40 MeV (Meegan et al., 77 2009).
78
The GBM on-board software incorporates burst triggering on time scales as short as were BGO bright bursts (Bissaldi,et al., 2011) . This is to ensure the burst is sufficiently 
134
A lognormal function is represented as:
where, µ and σ are the sample mean and standard deviation of log x, and A is the τ r = exp (µ − σ 2 ) exp −σ 2 log 10 9 − exp −σ 2 log (10)
2 ) exp σ 2 log (10) − exp σ 2 log 10 9
For each GRB we initially selected the number of possible pulses contained in the light in the first four to six energy bands (depending on the burst intensity in the higher energy 167 bands) shown in Table 2 , defined so that a typical GRB light curve had similar signal to 168 noise ratio in each channel. After pulse fitting we used the pulse mean positions to compute 169 the intervals between successive pulses, while the variation of the pulse shape parameters 170 in different energy bands were used to study the spectral evolution of the pulse shapes.
171
The pulse mean positions refer to the mean times(with respect to the trigger time) of the 172 lognormal pulses.
173
To test the integrity of the fit we computed a weight for each of the fitted pulses in a optimized to ensure removal of spurious pulses.
180
To check the robustness of our fits, we also performed a series of simulations as follows.
181
We chose a set of pulses fitted to a light curve and generated a synthetic light curve using 182 these pulses superposed over the burst fitted background. We then reduced the light curve 183 intensity in steps of 10%, starting at 100%, and added statistical noise to each bin. Each 184 light curve was fitted by the normal procedure and recovered entirely until the intensity 185 was decreased to 50%. The degree of percentage recovery declined thereafter, and reached
186
75% of the original, when the intensity was reduced to 10% of the total. We concluded that 187 the fit is robust for a large range of burst intensities.
188
Further we reduced the duration of the simulated burst by a factor and fitted the tested by reducing the burst duration by a factor of 1000.
193
Finally, to address the issue of the interdependency of the rise and decay times of a 194 lognormal function we tried two new functions, where these times can vary independently.
195
They are: (Leo, 1994) 
199
We find that for long bursts with a small number of pulses, both the above functions 
Results
206
We performed the analysis described above on all 42 GRBs in our sample. The pulse fits is 1.15 with a standard deviation of 0.13. Figure 3 shows the distribution of n. We note 213 that it peaks around 1, as expected since n is expected to follow the χ 2 distribution. between successive pulses well, indicating that most likely the GRB pulses do not follow a
231
Poisson distribution in time.
232
It may be noted that the average redshift of short bursts is smaller than that of long 
237
To compare the pulse width contribution to the total duration in short and long 238 bursts, we derive the ratio of the pulse width (FWHM) to the T 90 of each burst. Figure   239 6 (top panel) shows the histograms of these ratios for long and short bursts. Also shown 
255
We now compare the GBM results with those of the BATSE bursts. Nakar and Piran,
256
(2002) use a modified peak finding algorithm first reported by Li and Fenimore, (1996) , to we were restricted by the statistics in the higher energy channels, which did not allow 291 reliable pulse fitting beyond 524 keV for many bursts. The histograms of the pulse shape 292 parameters were generated as above in each energy range for short and long bursts. We 
362
We now estimate the rest frame radii of the shells, which give rise to the pulses.
363
According to Dermer, (2004) the radius of the emission shell R e is given by: 
393
We also acknowledge the constructive comments and suggestions from the anaonymous 394 referee which improved the quality of presentation.
395
-20 - The errors on the mean energies are due to the finite energy resolution of GBM detectors. in each panel are the data for long bursts and the lower plot (in red) are for short bursts.
In the case of short bursts both the pulse width and pulse interval show a faster decrease with increasing energy. In the case of long bursts on the other hand the pulse width shows a slower decrease with increasing energy than that for short bursts. The median pulse interval hardly seems to change with increasing energy in the case of long GRBs. The fitted power laws are shown as dotted lines for each type of GRBs and the fitted slopes are indicated.
